Abstract. In this study, polydopamine was rapidly depositedon the surface of synthetic leathersby ultraviolet radiation.With the adsorption and reduction of polydopamine to silver ions,silver nanoparticles could in situ generateon the surface of pretreated synthetic leathers and impart syntheticleathers with antibacterial property.The reaction and the surface morphology of antibacterial synthetic leathers were characterized by scanning electronic microscopy, X-ray diffractionand energy dispersive spectrometer. Theantibacterial activity, thermal property and adhesionof antibacterial synthetic leatherswere also investigated. The antibacterial tests showthe bacterial reduction of 99.99% for gram-positive and gram-negative bacteria. After 30 cycles of washing, the antibacterial activity was 99.99% for gram-positive and gram-negative bacteria. The adhesion tests show that the antibacterial synthetic leathers reached 4H.The results demonstrate that silver nanoparticles were immobilized on the surface of antibacterial synthetic leathersand theantibacterialsynthetic leathers exhibitedeffective antibacterial property, adhesion and thermal stability.
Introduction
Bacterial infection from medical devices is a major problem and accounts for an increasing number of deaths as well as high medical costs [1] . According to the investigation, it was claimed that the harmful bacteria on the surface of furniture is four times than that in the toilet [2] . As known to all, synthetic leathers are widely used on the surface of couches and operating tables, especially in hospitals. Thus the studies on the antibacterial surface of synthetic leathers are significant to health, living and working environment.
With macromolecules, the synthetic leathers can serve as carbon sources for microbial growth. It is necessary to have effective antibacterial property for the synthetic leathers when used in medical devices [3] , wound dressing [4] and wastewater treatment [1] . Meanwhile, the extra components in synthetic leathers are also partially responsible for microbial attack, such as plasticizers, stabilizers and colorants. Once contaminated, the synthetic leathers will be degraded, discolored and odorous, leading to poor adhesion abilityand shortened the lifespan of the products. And microbial contamination will increase the infection danger and baneful toxins, which will severely threaten health [5] . But the research indicates that the effective and durable antibacterial synthetic leathers are seldom reported so far [6] . The chemicals employed to impart antimicrobial activity to synthetic leathersare mainly organic antibacterial agents, such asphenols, organic mercury, organic tin, amidesand cyanide. But the hydrolysis and drug resistance were inescapable in application [5] . Sothe synthetic leathers industry continues to look for inorganic antibacterial agents that substitute for organic antibacterial agents, such asAu [7] ,Ag [8] and Cu [9] . Silver nanoparticles are known as broad antibacterial spectrum and strong permeability. Their application increases in protective wear for medical and military personnel to reduce infection [10] .We chose silver nanoparticles to impart antibacterial property to synthetic leathers.However, the problems of silver nanoparticles lie in aggregation andpoor non-durableeffects. Hence, to find a medium which could immobilize silver nanoparticles is the key to our study.
Studies found that dopamine can spontaneously polymerize on the surface ofvarious substrates and form films in alkaline solution at room temperature as long as dopamine solutions can permeate [11] .The catecholgroups of polydopamine can be utilized to adsorbsilver ions which deposited on materials surfaceby reduction and immobilize silver particles on the surface [12, 13] . The previous studies showed thatpolydopamine filmscan beformed by dipping in the dopaminesolutions for24hours. The ultraviolet irradiation leads to a better control over deposition and formation of functional polydopamine [14] . Without adding any triggers, the ultraviolet irradiation oxidation can guarantee the high purity of materials and the polymerization time was shortened.
In this paper, polydopamines were rapidly deposited on synthetic leathers by ultraviolet radiation. With polydopamine acting as reducing and cappingagents, small amount of silver nanoparticles were in situ generated on the surface of synthetic leathers to achieve the immobilization of silver nanoparticle. Then the layers of silver were prepared by introducing glucose to reduce silver ammonia solution.
Experimental
Materials: Silver nitrate (AgNO3), dopamine hydrochloride (DA,C8H12ClNO2), tris-base (C4H11NO3), ammonia solution (25wt %)andglucose(C6H12O6)were purchased from Sinopharm Chemical Reagent Co., Ltd, China. Synthetic leathers (basis weight is 220 g/m 2 ) were purchased from Jiaxing BDB advanced Polymer Materials co. Ltd. Deionized water was used in all experiment processes.All the chemicals were used without further purification.
Experiment: Synthetic leathers were cleaned in acetone anddistilled water for 30 min, respectively.60ml 0.07mol/L dopamine hydrochloride solution was prepared. Tris-basewas added to the dopamine solution to adjust pH to 8.5. The synthetic leathers wereimmersed into the dopamine solution for 1hby ultraviolet irradiation to obtain synthetic leathers-PDA. Thensynthetic leathers-PDA wereimmersed into the 10ml 0.1mol/L AgNO3solution for 30minutes by ultraviolet irradiation, washed anddried. Another 50ml 0.012mol/L AgNO3 solutionwas prepared, and ammoniasolution wasdropped into to prepare silver ammonia solution. Thesynthetic leathers-PDA-Agwasimmersed into silver ammonia solution for 30 min with dropppng 100mL0.2 mol/L glucose solution. The antibacterial synthetic leathers was rinsed with flowing deionized water anddried at 60℃.
Characterization:The morphology of silver nanoparticles was characterized by transmission electron microscopy (SEM, JEM-2100, JEOL). The crystallization of silver nanoparticles were analyzed by an X-ray diffraction (XRD) diffractmeter (λ=0.1542 nm, D/Max-2550 PC, Rigaku). The element composition ofsynthetic leathers was obtained by energy dispersive spectroscopy (EDS, IE 3000, U.K.).The scanning angle range was selected between0°and 90°. Thermal gravimetric data was analyzed by analyzer (204 F1, Netzsch, Germany).Approximately 5 mg of the samples was heated from 25℃ to 900 °C at a rate of 10 °C/min under N2 atmosphere. The gram-negative bacteria E.coli (ATCC 4352) and the gram-positive bacteria S.aureus (ATCC 6538) were used to evaluate the antibacterial activity of synthetic leathers and antibacterial synthetic leathers. According to the standard of AATCC100-2004, the percent reduction ofE.coli and S.aureus was calculated. The adhesionwas evaluated by a standard scotch tape method. 3M scotch transparent tape (19mm×32.9mm) was applied to an area ofthesamples.
Results and Discussion
TheSEM was utilized to investigate themorphology of synthetic leathers,synthetic leathers-PDA, synthetic leathers-PDA-Ag and antibacterial synthetic leathers. The surface of synthetic leathers was porous, onwhich presented ravinesstructure, asshowninFig.1a.As for the synthetic leathers-PDA, thesurface wasfullycovered by dopamine, surface of modified synthetic leathers became smooth and ravines structure disappeared, as shown in Fig.1b . The surface of synthetic leathers-PDA-Ag becamerough, as shown inFig.1c. Theantibacterial synthetic leatherswerecovered by dopamine and silver nanoparticles, as shown inFig.1d. The crystallization of silver nanoparticles on the surfaceof synthetic leathers, synthetic leathers-PDA, synthetic leathers-PDA-Ag and the antibacterial synthetic leathers were characterized by XRD. As depicted in Fig.2 , the curves exhibited (111), (200), (220) and (311) diffraction at2θ values of about 38.2°, 44.4°, 64.6°, and 77.6°,respectively, which were in good agreement with that of the JCPDS card and showed the formation of silver on the surface of synthetic leathers-PDA-Ag and antibacterial synthetic leathers. The adhesion wasinvestigatedby a standard scotch tape.The adhesion grades of syntheticleathers-PDA, synthetic leathers-PDA-Ag and antibacterial synthetic leathers can reach 4H. Dopamine-modified synthetic leathers have a good effect onadsorption of silver ions due to the presence of polydopamine.
The element change was illustrated by EDS in Fig.3 . Synthetic leathers-PDA was shown in Fig.  3b . The N masscontent was up to 6.13%, which was a proof that polydopamine was rapidly deposited on the surface of synthetic leathers surface. Synthetic leathers-PDA-Ag was shown in Fig.3c . The Ag masscontent was up to 11.88%. Small amount of silver nanoparticles were in situ generated on the surface of synthetic leathers.Theantibacterial synthetic leathers wereshown in Fig.3d . The layers of silver were prepared by introducing glucose to reduce silver ammonia solution. The Ag masscontent was up to 49.96%. The thermal stability of synthetic leathers, synthetic leathers-PDA, synthetic leathers-PDA-Ag andantibacterial synthetic leathers were characterized by TGA in Fig.4 . TGA curves suggested an obvious weight loss at three stages around 200-370°C, 370-450°C and 450-800°C. The TGA curves showed that silver nanoparticles significantly improved the thermal performance of antibacterial synthetic leathers. With the increase amount of the silver nanoparticles, the thermal stability of synthetic leathers enhanced. The improved thermal stability of antibacterial synthetic leathers could be explained by the existence of inorganic silver nanoparticles, which acted as thermal insulator and mass transport barrier, making synthetic leathers have better thermal stability [15] . Applied on the synthetic leathers, the thermal stability of antibacterial synthetic leathers (Fig.4d) was better than that of synthetic leathers (Fig.4a) . The Colony-Forming Units and antibacterial activity were listed in Table1. The antibacterial effect testswere presented in Fig.5 and Fig.6 .The antibacterial tests of antibacterial synthetic leathers showed the bacterial reduction of 99.99% for E.coli and S.aureus. After washing 30 times, the antibacterial activity was 99.99% for E.coli and S.aureus. The results indicate that antibacterial synthetic leathers have excellent and durable antibacterial activity. 
Conclusions
The results demonstrate that the polydopamine can be rapidly formed on thesurface of synthetic leathers byultraviolet irradiation. It is observed that the surface of dopamine-modified synthetic leathers can absorb silver ions, and form silver layer after reduction by X-ray diffraction and the thermogravimetric analysis.The adhesiontests show that the adhesion of antibacterial synthetic leathers could reach 4H, indicating good adhesionon antibacterial synthetic leathers. The antibacterial tests showthat the bacterial reduction of 99.99% for E.coli and S.aureus. After 30 cycles of washing, the antibacterial activity was 99.99% for E.coli and S.aureus.All results suggestthat the antibacterial synthetic leathers had an effectiveand durable antibacterial ability.
